We present optical photometry of a WZ Sge-type dwarf nova (DN), ASASSN-15jd. Its light curve showed a small dip in the middle of the superoutburst in 2015 for the first time among WZ Sge-type DNe. The unusual light curve implies a delay in the growth of the 3:1 resonance tidal instability. Also, the light curve is similar to those of other two WZ Sge-type stars, SSS J122221.7−311523 and OT J184228.1+483742, which are believed to be the best candidates for a period bouncer on the basis of their small values of the mass ratio (q ≡ M 2 /M 1 ). Additionally, the small mean superhump amplitude (< 0.1 mag) and the long duration of no ordinary superhumps at the early stage of the superoutburst are common to the best candidates for a period bouncer. The average superhump period was P sh = 0.0649810(78) d and no early superhumps were detected. Although we could not estimate the mass ratio of ASASSN-15jd with high accuracy, this object is expected to be a candidate for a period bouncer, a binary accounting for the missing population of post-period minimum cataclysmic variables, based on the above characteristics.
Introduction
Cataclysmic variables (CVs) are close binary systems composed of a white dwarf (a primary star) and a typical late-type main sequence star (a secondary star). The secondary star fills its Roche lobe and its matter flows toward the primary star via the Roche-lobe overflow. The matter forms an accretion disk around the primary star and accretes on it through the disk.
Dwarf novae (DNe) are a subclass of CVs and have outbursts of typically 2-5 mag. Their outbursts continue for days or weeks. The interval between outbursts are from several days to tens of years. The outbursts are understood as a sudden release of gravitational energy by a sudden increase of the mass accretion rate, which is caused by a thermal instability in the disk (see Warner 1995 for a review). SU UMa-type DNe with short orbital periods (∼1 hr < P orb < ∼ 2 hr) show occasional superoutbursts which are defined as outbursts with superhumps. The superhumps [Vol. , are believed to appear because of the 3:1 resonance tidal instability (Osaki 1989; Whitehurst 1988; Hirose, Osaki 1990; Lubow 1991a; Lubow 1991b) . Kato et al. (2009) proposed that the superhumps are divided into three stages by the variations of the period and amplitude (see Figure  1 on the classification of superhumps). WZ Sge-type DNe are an extreme subclass of SU UMatype DNe, which predominantly show superoutbursts (for a review, . There are two important observational properties of them. One is the presence of doublepeaked modulations called early superhumps having a period almost equal to the orbital one in the early stage of the superoutburst (Kato 2002; Ishioka et al. 2002) . They are considered to be triggered by the 2:1 resonance tidal instability (Osaki, Meyer 2002; Osaki, Meyer 2003) . The other is rebrightening after the end of the plateau stage of the superoutburst. They classified the rebrightenings into five types according to the profiles of the light curves (Imada et al. 2006; Kato et al. 2009; Kato et al. 2014 ) (see Figure 2 on the classification of rebrightenings). The origin of the unique light curves is still an open question. We use the observational data in Fig. 6 , 7, 8 and 9 of . The horizontal axis represents days from the starting date of their outbursts.
The evolutionary status of WZ Sge-type DNe is still in debate (e.g. Nakata et al. 2014 ). According to the standard scenario of the CV evolution, CVs evolve as the orbital period becomes shorter because of angular momentum losses by magnetic breaking and gravitational radiation. Once P orb reaches the period minimum, the secondary star becomes degenerate and the thermal timescale of the secondary star becomes longer than the masstransfer timescale. Hence, the systems evolve back toward longer orbital periods. They are called period bouncers (see Knigge et al. 2011 and references therein). Kolb (1993) suggested that ∼70% of all CVs would be beyond the period minimum. It is however difficult to discover them because they are faint and have a long recurrence time between outbursts (Patterson 2011) .
In the study of the missing population of post-period minimum CVs, it is worth noting that Littlefair et al. (2006) demonstrated with their spectroscopy that the donor star in the eclipsing CV SDSS J103533.03+055158.4 with a period close to the minimum one was a brown dwarf, suggesting that this object is a period bouncer. Moreover, Littlefair et al. (2008) found three more eclipsing CVs possess brown dwarfs as the secondary star using high-speed, three-color photometry. Recently, other several good candidates for a period bouncer have been discovered among WZ Sge-type DNe with type-B rebrightening or type-E rebrightening or slow fading rate (the objects and references are summarized in Table 1 ) through optical photometry using the new method of estimating the mass ratio (q) of the secondary to the primary with the period of stage A superhumps and the orbital period (Kato, Osaki 2013) . These period-bouncer candidates have some common properties: (1) long-lasted stage A superhumps, (2) a large decrease of the superhump period between stage A and stage B, (3) a small superhump amplitude ( < ∼ 0.1 mag) and (4) long-lasting early superhumps ( > ∼ 10 d). also identified the relation between the rebrightening types and the CV evolutionary stage (WZ Sge-type stars would evolve in the order of type C → D → A → B → E) and the two objects with type-E rebrightening (see Table 1 ) are the best candidates for a period bouncer.
In this paper, we report on the optical photometry of a WZ Sge-type object, ASASSN-15jd having similar characteristics to those of the objects with type-E rebrightening. Its outburst was detected on 2015 May 13 by All-Sky Automated Survey for Supernovae (ASAS-SN) (Shappee et al. 2014; Davis et al. 2015) . This object has a quiescent counterpart SDSS J164925.43+140243.5 (g = 22.8 mag) and its position is (RA:) 16h49m25.42s, (Dec:) +14
• 02 ′ 43. ′′ 7 (J2000.0). This paper is structured as follows. We describe a log of observations and our analysis method in Section 2 and the results in Section 3. In Section 4, we discuss the results. A brief summary and further observations are described in Section 5.
Observation and Analysis
Time-resolved CCD photometry was carried out by the VSNET collaboration team at twelve sites (Table 2) . Table 3 shows the log of photometric observations. All of the observation times were converted to barycentric Julian date (BJD). Before making the analyses, we applied zeropoint corrections to each observer by adding constants. The magnitude scales of each site were adjusted to that of the Kyoto University system (KU1 in Table 3 ), where GSC974.1416 (RA: 16h49m32.51s, Dec:+14
• 03 ′ 22. ′′ 7, V = 13.0) was used as the comparison star. The constancy of the comparison star was checked by nearby stars in the same images.
We used the phase dispersion minimization (PDM) method (Stellingwerf 1978 ) for a period analyses. We subtracted the global trend of the light curve by locally weighted polynomial regression (LOWESS : Cleveland 1979) before making the PDM analyses. The 1σ error of the best estimated period by the PDM analysis was determined by the methods in Fernie (1989) and Kato et al. (2010) .
A variety of bootstraps was used for estimating the robustness of the result of PDM. We analyzed about 100 samples which randomly contained 50% of observations, and performed a PDM analysis for these samples. The result of the bootstrap is expressed as a form of 90% confidence intervals in the resultant θ statistics.
Results

Overall Light Curve
We show the overall light curve of the 2015 superoutburst of ASASSN-15jd in Figure 3 . The superoutburst probably began on BJD 2457155 and the object showed a rapid rise at the very early stage. The first plateau stage continued for about ten days during BJD 2457155-2457164.4 and a small dip whose depth is about 1 mag was observed on BJD 2457165. Immediately after the dip, the object showed a rapid rise again and the second plateau stage started. It continued for about a week during BJD 2457165.2-2457172.4 and a rapid fading was seen on 2457174. There were no observations during BJD 2457178-2457186. On BJD 2457186, the onset of a rebrightening was detected (vsnet-alert 18815). The duration of the rebrightening was short, a few days.
Superhumps
During the dip (on BJD 2457165), ordinary superhumps started to develop. The O − C curve of times of superhump maxima, the amplitude of superhumps and the light curve during BJD 2457165.2-2457172.4 are shown in the upper panel, the middle panel and the lower panel of Figure 4 , respectively. We determined the times of maxima of ordinary superhumps in the same way as in Kato et al. (2009) . Some points with large errors were removed in calculating the O − C and amplitude. The resultant times are given in Table 4 . Although we could not clearly identify the term of stage A only from the O − C curve, we regarded BJD 2457166.2-2457167.6 (0 ≤ E ≤ 16) as the final part of stage A, judging from the variations of the superhump amplitudes. Also, we considered that the term of stage B was BJD 2457167.9-2457172.4 (24 ≤ E ≤ 90) The circles and 'V'-shapes represent CCD photometric observations and upper limits by KU1 (ref. from the nonlinear behavior on the O − C plane and the slow decrease of superhump amplitudes. The stage B superhumps might continue after BJD 2457172.4 although we could not detect it because of the sparse coverage. The superhumps disappeared at the fading stage on BJD 2457174 and did not develop again in the rebrightening at least in our low accuracy observations and we could not find stage C during the second plateau stage and after that.
We applied a period analysis by the PDM method for stage B (BJD 2457167.9-2457172.4) and obtained a period of P sh = 0.0649810(78) d (see upper panel of Figure 5 ). Here, the data having low accuracy were excluded from the light curve when we performed our PDM analysis. The derivative of the superhump period during stage B was P dot (≡Ṗ sh /P sh ) = 10.8(3.8) × 10 −5 s s −1 . The mean profile of stage B superhumps is also shown in the lower panel of Figure 5 .
Early superhumps, double-wave modulations with a period almost the same as the orbital one usually appear prior to superhumps during superoutbursts of WZ Sgetype DNe (Kato 2002; Ishioka et al. 2002) . However, during the first plateau stage of the 2015 outburst of ASASSN-15jd (during BJD 2457155-2457164.4), any humps with an amplitude of >0.02 mag were not observed in the range of 97.5-99.5% of the estimated superhump period in the previous paragraph.
In Figure 6 , the daily variation of the profile of superhumps during BJD 2457165-2457172 is shown. The daily average amplitude of superhumps was 0.08-0.12 mag. of the superoutburst. It has been known that the plateau stage of superoutbursts in WZ Sge-type objects can be classified into two types: single plateau stage observed in the objects with type-A, B, C and D rebrightening (except for type-E rebrightening) and double plateau stages observed only in the objects with type-E rebrightening. The schematic diagrams of the light curves of these two plateau types are depicted in Figure 7 . The left and right panels of Figure 7 represent single plateau stage and double plateau stages, respectively. In the single plateau stage, ordinary superhumps are seen as soon as early superhumps disappear, while in the double plateau stages, ordinary superhumps begin to develop in the second plateau stage a few days after early superhumps disappear. The plateau stage in ASASSN-15jd cannot be classified as one of these two types of the plateau stage. There would be a possibility that the dip in ASASSN-15jd was deeper since we did not have adequate observations around the observed dip on BJD 2457165; neverthless, the duration of the dip in this object was ∼2 days and shorter than ∼10 days duration in the objects with type-E rebrightening Katysheva et al. 2013 and see also the bottom panel of Figure 2 ). Hence, we can regard that ASASSN15jd showed an intermediate light curve between the single plateau stage and the double ones. Ordinary superhumps are considered to develop together with the 3:1 resonance tidal instability occurring in accretion disks (see e.g., Osaki 1996 for a theoretical review). We can therefore regard that the shapes of plateau stages in WZ Sge-type DNe reflect the speed at which the 3:1 resonance develops. In other words, it is considered that we cannot observe the dip of brightness in the plateau in the objects with the single plateau stage since the 3:1 resonance grows up as soon as the 2:1 resonance finishes working. In the cases when the 3:1 resonance does not grow sufficiently quickly, the cooling wave propagates in the accretion disk before the 3:1 resonance fully builds up in the objects with the double plateau stages, and hence, these have a dip of brightness. The 3:1 resonance in ASASSN-15jd seems to develop slower than that in the former objects (single plateau) and faster than that in the latter objects (double plateaus).
There is a theory explaining the reason why the delay in development of superhumps appears. The growth time of the 3:1 resonance tidal instability is inversely pro- portional to the square of the mass ratio (Lubow 1991a) . The type-E rebrightening was observed in the outbursts of SSS J122221.7−311523 and OT J184228.1+483742 in the past Katysheva et al. 2013 ) and these systems are considered to be promising candidates for a period bouncer because of their small estimated mass ratios . Their mass ratios are smaller than those of other WZ Sge-type stars with the single plateau, and the behavior is consistent with the slow growth of the 3:1 resonance. Although we could not estimate the accurate value of the mass ratio of ASASSN-15jd, the 3:1 resonance seems to develop slower in this system than in WZ Sgetype stars with the single plateau stage judging from the shape of the plateau stage and it is expected that this object has a small q value. Combined with the relatively long P sh for a WZ Sge-type star, ASASSN-15jd is likely to be a promising candidate for a period bouncer. The rebrightening type after the second plateau stage in this outburst is probably C (single rebrightening) although there remain a possibility of multiple rebrightenings due to the lack of observations. This rebrightening type has been observed in many other WZ Sge-type objects.
Small Amplitude of Superhumps
The average superhump amplitude of ASASSN-15jd in the 2015 superoutburst was small, less than 0.1 mag (see the lower panel of Figure 5 and Figure 6 ). In about 90% of ordinary SU UMa-type DNe, the normalized superhump amplitudes fall within the range of 0.14-0.35 mag independent of the inclination .
We show the variation of superhump amplitudes of the SU UMa-type systems whose orbital periods are 0.06-0.07 d including ASASSN-15jd and the candidates for a period bouncer, in the left panel of Figure 8 . In plotting this figure, we measured the amplitudes using the template fitting method described in Kato et al. (2009) and took zero of the cycle count from the start of stage B. In ASASSN-15jd, we regarded that the maximum amplitude on BJD 2457167 is at E = 0 for comparison since we could not clearly identify the start of stage B. Previous re-search demonstrates that the mean superhump amplitude is small ( < ∼ 0.1 mag) in the extreme WZ Sge-type systems which are the candidates for a period bouncer (see Table  1 for the details). From this figure, we can see the amplitudes in ASASSN-15jd are about two times smaller than those of ordinary SU UMa-type DNe and have about the same values as those in the best candidates for a period bouncer.
Additionally, in the right panel of Figure 8 , we give the relation between maximum superhump amplitudes and orbital periods in SU UMa-type stars. The samples of ordinary SU UMa-type objects and period-bouncer candidates that we used in this figure are the objects listed in Table  73 of Kato et al. (2012) and Table 1 of this paper, respectively. In this figure, we substituted the stage B superhump period and the average superhump period for the orbital periods in OT J060009.9+142615 and ASASSN15jd, respectively. The mean maximum amplitude in the objects which have P orb = 0.065 is about 0.25 mag, but, that in ASASSN-15jd is 0.091. In addition, the maximum amplitudes in the best candidates for a period bouncer are also small and out of the distribution of ordinary SU UMa-type DNe.
Therefore, the small superhump amplitude in ASASSN15jd can be regarded as the representation of the characteristic properties of a period bouncer. The properties of the candidates for a period bouncer are summarized in Table 1 .
Absence of Early Superhumps
In ASASSN-15jd, no ordinary superhumps were observed for about ten days from the onset of the outburst to the small dip of brightness (on BJD 2457165). In addition, we could not detect early superhumps for that term although they are usually observed in outbursts of WZ Sge-type stars for about a week before ordinary superhumps develop. Uemura et al. (2012) proposed that early superhumps are caused by the rotation effect of non-axisymmetrically flaring accretion disks (see also Nogami et al. 1997 and Kato 2002) . High-inclination (edge-on) systems thus tend to show large-amplitude early superhumps. In addition, early superhumps are regarded as the manifestation of the 2:1 resonance tidal instability and the 2:1 resonance is considered to suppress the development of ordinary superhumps (Lubow 1991a; Osaki, Meyer 2002; Osaki, Meyer 2003) . Based on the above theories, we suggest that the inclination angle of ASASSN15jd is low and we observed this system at nearly face-on from our results: 1) the superhumps start to develop at the dip, 2) neither early superhumps nor ordinary ones were observed before the dip Note that the duration for which the 2:1 resonance supposed to have been dominant before the superhumps developed in ASASSN-15jd is longer than the average duration of early superhumps in ordinary WZ Sge-type DNe. In the superoutbursts of the promising candidates for a period bouncer, the durations of the early superhumps were usually long and this can be one of characters of period bouncers Nakata et al. 2013; Nakata et al. in preparation) . Therefore, this finding suggests that ASASSN-15jd has yet another property common to period bouncers.
Summary
We have reported on our photometric observations of a WZ Sge-type DN, ASASSN-15jd. What we found on this object from our observations is as follows:
• ASASSN-15jd is the first WZ Sge-type object with a small dip of brightness in the middle of the superoutburst. This implies that the 3:1 resonance grew up slowly in its outburst and the mass ratio is considered to be small. • The superhump amplitude in ASASSN-15jd was small and the mean value was less than 0.1 mag.
• The inclination angle of ASASSN-15jd may be low judging from the lack of early superhumps. The interval without ordinary superhumps was relatively long, about ten days.
We suggest that ASASSN-15jd would be a promising candidate for a period bouncer because the above properties are very similar to those of other best candidates for a period bouncer. Gänsicke et al. (2009) reported that the optical spectra of SDSS CVs whose orbital periods are close to the minimum one are dominated by emission from the white dwarf photosphere and that the contribution to the spectra from the companion star is no or little. This means that they have very low mass companion stars, in other words, they have very small mass ratios. Hence, spectroscopic observation of ASASSN-15jd may be useful to confirm its low mass ratio. Kato et al. (2012) . We selected epochs 5 < E < 10 to illustrate the maximum superhump amplitudes. The curve indicates a spline-smoothed interpolation of the data of ordinary SU UMa-type stars. [Vol. , 
